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ABSTRACT 


Imuran (azathioprine) is metabolized to 6-mercapto- 
purine which then enters into the pathways of purine meta- 
DOlism Ores Converted Into an inactive produce, eni1ouric 
acid, and excreted. Conversion to thiouric acid is 


catalyzed by xanthine oxidase. 


A xanthine oxidase inhibitor, allopurinol, has been 
shown to potentiate the antitumor effect of 6-mercaptopurine 
in mice.*> A combination of the two drugs has also prolonged 
Ganine rénal allograft survival in two of three dogs.’* 

No interactions between azathioprine and allopurinol have 


been shown experimentally. 


A series of canine renal allografts were undertaken 
in which it was shown that there was an interaction between 
allopurinol and azathioprine in immunosuppression, probably 
due to inhibition by allopurinol degradation of azathioprine. 
However, leucotoxicity was greater with the particular 
combination of drugs used, when compared to azathioprine 
alone, and Lt was “concluded that this particular dose 
combination probably would not offer any advantage in 


clinical use over current immunosuppressive regimes. 
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HISTORICAL REVIEW 


Modern transplantation began with the development 
of techniques of transplantation by Ullman and Carrel in 
1902.1°° They did not differentiate between autografts and 
al lOograttess. ascribing, alls of their itailures, ito technical 


Git oneuledes. 


While others speculated that biological as well as 
technical factors existed, the immunologic nature of graft 
rejection was not clearly shown until the classic studies 
of Medawar from 1944 to 1946 in which he studied skin 
Gratts ian the rabbit, showing that: a second skin graft 
taken from a given donor and placed on the same recipient 
as the first graft underwent accelerated rejection, whereas 
aagrett. from a, Ehard: indavadualto the original, recipient 


Waspreyected at the samesratesas the firetagqratt..s: 


Clinical renal transplantation seems to have begun 
in 1948, when Hufnagel, Hume and Landsteiner transplanted 
a kidney to the anticubital fossa of a woman with reversible 
acute tubular recrosis with three day graft function. 
From 1950 to 1953, fifteen allografts were transplanted 
without immunosuppression,’ *the last six being placed in 
the iliac fossa using a technique developed by Murray.’° 
Most rejected WiUENIneartrew weeks, Dut one SUrVIVed. 5.5 


months. Though the results were discouraging, a definite 
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technical advance had been made which justified later 


transplantation. 


Harrison, Merrililgand Murray of che Peter Bent 
Brigham Hospital in Boston successfully transplanted a 
kidney irom an adentical twin inel954.°% “The first) long- 
term success in a transplant between non-identical twins 


was in 1959,’ 


Following the introduction of suitable techniques 
for renal transplantation, and the recognition of the 
immunologic nature of graft rejection, the major problem 
in clinical transplantation has been immunosuppression,. 
Murray avoided the immune reaction in 1954 by using 
identical twins. Total body irradiation was introduced in 
1958,! and resulted in the first long-term success between 
non-identical twins in 1959.’ However, the balance between 
graft rejection and patient survival was too precarious 
ang) fnvesmethodewasesnoreelavede. ine i959, “Schwartz «and 
Dameshek reported that 6-mercaptopurine depressed the 
immune response to serum proteins and prolonged skin graft 
SisVivel in thewrabbit..-7 -seCalne: then) showed thatethis 
drug would prolong renal allograft survival in the dog.’* *° 
Shortly after, he showed that an analogue of 6-MP, 
azathioprine, also prolonged dog renal allograft survival 
15 


with an apparently lesser amount of bone marrow toxicity. * 


Azathioprine then became widely used clinically and has 


- 


, ue ; f 7 lal 
A 
7 poral ‘pasts aut \ Paes 
a f - 7. o 
=§ i 
v 
a4 my \ y Fo 
i i , > ies 
‘ i] 
1 be 7 Md 
if 
: r 
is ae } ae ; AnD? : 
- 
on © 2 65) Oenmmiy 
i 
i d * rg f ‘ eS 
gf a . 
re 4 f me | i ’ 


a 
(oes ay 7 an ty ave Fiies a pihihindiie ee 


_ = 
Setar #teRy 


Pf , ng . iti - ; | 4 F . ; j ; é hie. he nas OLS 


s — 
. , 
= 42 vite 7 | a7 rte : 15 / gai as 
f ~ ' | r 
: pees cvala Hears Wie? an! &> erase send sae 
: al i 7 a : 


Y. to i 65. yt pas ligat TAS ipOsin: lanes YVlededa hivoy wet 
. ‘o > 
- oom ” ‘A Re mb puerne nes 3) 7 re oy ty 16 avis “wh le ew 
+ i» 
1a ser Lie aiges Gow, 4 lane an : 


—— ay ’ ; 


of Aamir eal BH Aires xyoNy 


been the basic immunosuppressive drug for almost all 


cransplantation. 


In-addi tion to azathioprine, Prednisone is used in 
almost all clinical transplants. Other agents of immuno- 
Suppression or methods of minimizing the immune response 
that are in common clinical use are local graft irradiation, 


Actinomycin C, ALS and Nhistocompatibi lity typing. ’ 


In Calne's experiments with azathioprine, deaths 
gue tO tOxXicity, Mainly of bone marrow, occurred in almost 
50% of the experimental animals. Clinically, initial use 
of azathioprine at a dose of 3-15 mg./kg. was accompanied 
by severe bone marrow depression and 40% mortality from 
infection in the first three months.!® With the development 
of various techniques and the use of auxiliary drugs which 
eliminated the need for high doses of azathioprine, the 


-o Present practice 1s touuse 


early mortality dropped. -y 
the maximum tolerated dose as measured by development of 
leukopenia. This dose is usually 2-3 mg./kg./day and is 
almost always given with Prednisone in various amounts.’ 
Though acute toxicity with azathioprine has become infre- 
guent, the major cause Of patient death with kidney trans- 
plantation has been drug toxicity and/or infection without 


pai 


beqection,. however it must be remembered that these 


patients are not receiving azathioprine only. 


Theoretically, one might lessen the toxic effects 
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of an agent by using it in combination with a protective 
agent which counteracts its toxicity more than its 
therapeutic effect. Elion has stated that the use of 
allopurinol in combination with 6-mercaptopurine in mice 
results in a better therapeutic index of 6-mercaptopurine 
astanvanti-tumor agent due tora four-fold aincrease in anti— 
tumor activity as compared to a two and one-half times 


> She was also able to show that 


imerease an toxicity) 
allopurinol potentiated the immunosuppressive action of 
6-MP in inhibiting the formation of antibody to sheep red 
blood cells. As azathioprine is an analogue of 6-mercapto- 
purine, an experimental series was undertaken to see if the 
use of allopurinol would potentiate the therapeutic 
(immunosuppressive) effect of azathioprine on canine renal 
allografts, and secondly whether any appreciable difference 


in bone marrow toxicity as compared to immunosuppressive 


Grrectk would result. 


kre 
a ovliewtens: a f oe man. at mc pas 


‘34 ned ‘ sree ybaolitos a2. ine oa 


. Bee ee “i iy. ses fle T eee ‘ “ ns 2 . outta fala =r) Aree 


a du ‘ } a “wading ss = le bree vii a) 


AZATHIOPRINE METABOLISM 


Azathioprine (BW 57-322), (Imuran )*, [6-(l-methyl- 


4—nitro imidazole-5-ylthio) purine], is an imidazole substi- 


tuted analogue of 6-mercaptopurine which in turn is a 


purine analogue. Azathioprine was synthesized by Hitchings 


and Elion**® in hopes that the exidation of 6-mercaptopurine's 


-S atom would be reduced and therefore slower metabolic 


degradation and a more prolonged therapeutic action would 


result. 
S N 
OH H | 
ee 
Na No NO N 
Cheon Oes 
x —— = 
N Ne) ON N ON 
hypoxanthine 6-mercaptopurine Azathioprine 


Absorption 


Bach’’ states that within 15 minutes of oral 
administration of S°° labelled azathioprine measurable 
Ee aoe radio-activity is present, with a peak being reached 
in 30 MInutes.  ~ROSSeLee inhibiting activity Gf serum 1n 
man appears within one-half hour and reaches a maximum 


within one hour of oral or intravenous azathioprine. 


*Burroughs Wellcome & Co. 
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Metabolic Activation 


Agathioprine isesplit inevetro. and su vivo:- 
by sulfhydryl groups to form 6-mercaptopurine and a nitro- 
imidazole moiety. The fate of the imidazole is not 
presently known, though there is speculation that it has an 
immunosuppressive action of its own, probably by binding 
sulfhydryl groups on proteins at the time of splitting of 
azathioprine.  6-MP is in turn converted to thioinosinic 
3 3 


acid, ° >) a 6-MP ribotide, via competition with hypo- 


xanthine for inosinic acid pyrophosphorylase.?* 


S SH a nee 
Arye ary J” 
LA NOg oN 
N 


Azathioprine 6-MP nitro-imidazole 


Thioinosinic acid has been shown to act via "pseudo 


w35 36-42 


feedback inhibition and substrate competition®?» on 


the first and last steps respectively of biosynthesis of 
the purine nucleotides of adenine and guanine as shown in 
Btoure: 1. beedback imhibition@isetnougnt to be che most 


$3 Guanylic and 


important biochemical effect in vivo." 
adenylic acid are important as components of RNA, DNA, and 
Various coenzymes. Inhibition of nucleic acid synthesis 
has been shown by measuring total DNA** and incorporation 


: - : =i 
of labelled precursors into nucleic acids.*°~*’ 
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In addition, the triphosphate of thioinosine has 
been shown to inhibit the formation of coenzyme NAD*® and 


to interfere with the acetylating function of coenzyme A.*? 


Overall it would seem that thiopurines might 
inhibit DNA and RNA synthesis, both early in de novo syn- 
thesis and at the purine nucleotide interconversion steps; 
they might therefore be incorporated into nucleic acids 
causing possible malfunction of a particular form of nucleic 
acids; they can inhibit coenzyme formation and function and 
therefore might interfere with the various aspects of cell 
metabolism. However, Elion’ has stressed that while the 
biochemical actions are known, the significance of these 
actions (as outlined in the preceding sentence) are qecuce 
Eon Only, and in ‘parciculear,-explanation Of the action of 


the purine analogues on the immune reaction is speculative. 


Degradation 


Degradation of 6-mercaptopurine occurs within four 
hours of azathioprine intake.?’ The principle pathways are 


summarized in figure 2. 


All of the derivatives shown in figure 2 except 
6-methylthiopurine (6-SCH3;) have been found in the urine of 


patient. taking 6-mercaptopurine. °' 
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06h ea CCH, 


iin Lane 
(6-mercaptopurine) 


6 - SH- 8-OH*=====596-SCH3-8-OH———- 6-SOCH; -8-OH 
a, 7 3 3 
\ \ 
\ \ 
\ \ 
NaN 
aa 
\ \ 
x \ 
\ 4 
Sore 
Aare’ 
rs \ 
2,8-DiOH-=6—-SH \ ||2,8=Di0H-6SCH 6-SCH3-8-OH- 
(thiourie acid) Sh glucuronide 
ey 
sulphate 
625H-8-OH > 6-mMercapto-—e-—nydroxypurine 
6-SCH;3 - 6 methylthiopurine 
pron aes > = possible routes of conversion 


Figure 2 - Principle Pathways of 6-Mercaptopurine 


Degradation in vivo. |Atter Elion” 


There are two main pathways of 6-mercaptopurine 
catabolism: 


1) direct oxication by xanthine oxidase: to thiouric 


acid, probably via 6-mercapto-8-hydroxypurine, °° 


and 2) methylation of the sulphur jand similar (tol) 


oxidation reactions of the methylated derivatives. 


Bach has suggested that other enzymes as well as 


xanthine oxidase may be involved, as he has studied a 
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AG Ae, 
patient with gout who showed a hereditary, and probably 


enzymatic, lack of degradation.?’ 


the prancuplewsi te ofecatabolasm) isithoughtauto be 


Enee livers +226 


A large amount of inorganic sulphate is also formed 
and is detectable in the urine of patients receiving 6- 


) 


mercaptopurine. ° In man, this is not affected by xanthine 


oxidase inhibition.°?® 


Elimination 


6-mercaptopurine and its metabolites are eliminated 


pyetheucrdneyse: 


Elion has shown that after 6-mercaptopurine 125 mg. 
p.oO. in man free 6-mercaptopurine appears in the urine in 
maximal amounts at 4 to 6 hours and persists up to 10° to 12 
hours, as do the metabolites thiouric acid, 6-methylsulphinyl- 
8-hydroypurine and inorganic sulphate. A total of 46% of the 
Oral dose could be accounted for in the urine in the first 


eax nours.~ @ 


After 150 mg. 6-mercaptopurine p.o. in man, Elion 
reports that 7.0% appeared as free 6-mercaptopurine and 
25.5% as thiouric acid in the urine in the first twelve 


hours.2° No free 6-MP and less than 1% thiouric acid 
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appeared in the second twelve hours. Vogler, in a study of 
six leukemic patients receiving 25 to 100 mg. of 6-mercapto- 
purine p.o., reports that less than 3% of the original dose 
appears as free Urinary 6-mercaptopurine. Almost all 


appeared in the first six hours.53 


Similar results have been obtained with azathioprine. 
In chronic granulocytic leukemia patients on azathioprine 
therapy, alter an oral dose of 150 to 300 mg. p.o., excre— 
tion as 6-mercaptopurine ranges from 1.3 to 2.4%, as thiouric 
acCia eenom) 13..05 bo 21.47 andsas azathioprine 2rom.0 5bo 2.257 
in the first twenty-four hours:** In transplanted dogs with 
good renal function, urinary 6-MP ranges from 0.8 to 3.6% 
of the oral dose in the first twenty-four hours, thiouric 
acigd weanges from 13.7 €o0 29.0% sand azathioprine Lrom 6. G to 
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Toxicity 


Leucopenia has been a frequent experimental occur- 
rence im dogs’ receaving azathioprine. For instance, Staral 
noted bone marrow depression in three out of eighteen dogs 


* Calne recorded bone marrow 


receiving 2-4 mg./kg./day.° 
toxicity in four out of nineteen dogs.® Clinically, 
leucopenia is a major problem and usually is the factor that 


determines the dose of azathioprine that may be used. 


Patient tolerance of azathioprine is variable, and if it is 
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low May prevent the administration of a dose Sufficient to 
prevent rejection. A recent report indicates that splenec- 
tomy permits higher doses of azathioprine, and that this 
may be useful to those renal transplant patients in whom 
leucopenia prevents administration of adequate doses for 


immunosuppression. °° 


Infection has been more frequent, occurring in 
twelve of the nineteen dogs in Calne's series.° Clinically, 
it is the most prevalent complication and is responsible 
f6m Most of the deaths occurring in transplant patients.--) 7 
However, most transplant patients also receive Prednisone 
and other immunosuppressive treatment. In a study of twenty 
patients receiving 3 mg./kg./day of azathioprine only for 


assumed immune disease, infection was infrequent, occurring 


inom) wechree patients 


Avatnioprine: as markedly hepatotoxic indogs. 4.” 


but in humans evidence for hepatotoxicity is infrequent.°*-°° 


Finally, there is an increased incidence of malig- 
nancy, Mainly of the lymphoreticular system, in patients 


‘ : : ‘ . 61-63 
receiving chronic immunosuppressive therapy. 


Azathioprine Metabolism and Disease 


Slimically,~ teri sean alone that azatnvoprines dosage 


must be promptly reduced in the presence of impaired renal 


at A 7” 
sours ¥ aud. ia 


i 
iat 
7 

u 


oF: 
7 
. ‘ 

a eos 
e J oe 


; = , 
adit? ‘aul 9. : ai ‘anit Bole Poms ji 3 OBO, THNiad 
. - : . ; 


’ ‘ . _ ' o {i yee : 
} As eace ain aArtemuts | lite <2 > LUZSE oo 
j fy i: ; ia) ores 
239 enpech @F3.Up si oO ¢ fren f cy EL fol 
nole y 
nd 4 ; ‘ ae | pr pee “SY 2 ti@ a ( 
- : , , , i 
cig 1\ F iW ; } T Viet 


r an ~@s4 . 
f @ af 4 2 i 
] 
f , ’ . Pee | ! : » 
? 7 s rd . ® 
7 
7 hi , t a4 | ( ’ : r < 
» Soe? ee Wy wil . VO ) ri 1 a 
_ ’ 
: 9 ~phas " : opty } ,ya » 't ns i P TP 
a 
aL 7 Tk ; 7 : a= 
lent snh ah ny» anAieiteoliren bor Te canton 
i sa 7 4 Pi d : 7 - ; 
"saya? a¢lcesyag o i; ; 
se : 


LGA 


function because of the increased danger of leucopenia and 
possibly fatal infection. The phenomenon of rejection with 
impaired renal function and immunosuppression leading to 
leucopenia and/or infection was frequently noted in the 
early experiences.1/%,*" The recognition of these events and 
resulting policy of reducing the azathioprine dose with 
renal failure is felt to be an important factor in the 
reduction Of mortality Erom acute Eoxicity and infection. 
The reason given for increased toxicity is that the elimin- 
ation of azathioprine metabolites via the kidney is probably 
reduced, thus resulting in prolonged retention of the 
immunosuppressive.®* This is not consistent with the 
Studies of 6-mercaptopurine metabolism showing that only 

3 to 7% of the original dose in a person with normal renal 
function is excreted in a metabolically active form (unmet- 


abouiuzed 6=MpP).. = 9553 


Secondly, J.F. Bach has studied fifty-nine patients 
given azathioprine for renal transplantation and did not 
find any difference in the incidence of leucopenia with or 
without renal failure. Also in fifteen non-transplant 
Paltents with renal arluce, he found: no modification (oF 
the rosette inhibition curve, but S$?° (from labelled aza- 
thioprine) was retained.®° He does not feel that the 
azathioprine dose should be reduced in the presence of 
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Several variations from normal azathioprine meta- 
bolism have been found by J2F. Bach in patients with gout.-” 
Azathioprine has failed to inhibit phytohemagglutinin- 
induced transformation in gouty patients with hypozanthine- 
guanine-phosphoribosyl-transferase. Bach showed that no 
rosette inhibition appeared in one patient with this abnor- 
mality. He also has studied two gouty patients who showed 
a Marked, bone marrow hypoplasva during, the f2rst £itteen 
days Of treatment with azathioprine 3 mq-/kaq./day for renal 
transplantation. Both had a marked delay in disappearance 
of serum immunosuppressive activity as measured by rosette 
inhibition, as did “che: father “and. one brother of "one of 


these patients. 


Bach studied azathioprine metabolism (rosette 
imivo tion 8S sazatnioogine) sin) TSapatiente wrt liver 
disease, finding that patients with severe disease due to 
cirrhosis or "cytolysis" had a complete absence of azathio- 
prine activity while those with moderate disease showed a 
ow level obvactivity with a delay In cal sappearance, OF 


cee 27, 
AaACLIVILCY Hn SOMe Cases. 


Patients with obstructive jaun- 
dice showed no abnormality. Mitchell found that liver 
transplant patients with aimpaired liver function "showed: a 


lack of rosette inhibiting activity with azathioprine. °? 
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ALLOPURINOL 


Allopurinol [4-hydroxypyrazolo- (3,4-d)-pyrimidine] 
was first shown to be an effective xanthine oxidase inhibi- 
tor in vivo by Elion.** She showed that allopurinol 
inhibited degradation of 6-mercaptopurine in the mouse, and 
thereby potentiated its effectiveness as an antitumor and 
immunosuppressive agent. Following this, Rundles®® and yYu®’ 
demonstrated its usefulness in the treatment of patients 
with gout, and it is now widely used in the treatment of 


this sisease. 


it has also been found that vallopusinol atfects de 
novo purine biosynthesis by the formation of allopurinol 
ribonucleotide from allopurinol and phosphoribosylpyrophos- 


Peace. ef o2" 


Allopurinol ribonucleotide is a known inhibitor 
of phosphoribosylpyrophosphate-amido-transferase. 7} 
Secondly, formation of the nucleotide has been shown to 
cause depletion of red blood cell phosphoribosylpyrophos- 


2 The metabolic consequences, however, are 


Phate in Men. 7 
unknown and are regarded as being probably minimal as no 


toxic effects of allopurinol have been described.’ ? 


> she showed that allopur- 


In Elion's experiments,” 
inol caused a two-thirds reduction in the minimally effec- 
tive dos: of 6-mercaptopurine that would inhibit antibody 


formation to sheep red blood cells. McConnell and Zukowski, 
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in an abstract, state that two of three dogs treated with 
allopurinol and 6-mercaptopurine for renal transplantation 


survived over thirty days.’* It is these two papers that 


form the basis for our experiments. 
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METHODS 


Experimental Groups 


Thirty-four mongrel dogs of both sexes weighing 9 
to 25 kilograms were used. Renal transplants were carried 
out in five experimental groups which varied according to 


the immunosuppressive therapy used: 


Group 17 —"Controls’= no treatment given. "8 dogs 


Crovpezs -iililanieaaLly —= iMuUran, LUNge/ kOe =p. Or oOn= thesday 


OlLesurgery = then 5g. /kdwep. 0. eddislyaerOrethree 
weeks, then 5mg./kg. p.o. twice weekly. 5 dogs 


Group 3 - Imuran M.W.F. - Imuran 10mg./kg. p.o. on the day 


OEMSUEGET Yc len UNG. 7 hOemp. Oss been ci mes 
weekly (M.W.F., Monday, Wednesday, Friday). 


7 dogs 
Groupa4 =pAllopuranoly-. 200mg. 9p.0.) On bhesday Of surgery, 
then 100mg. t.1.0ds daily. 6 dogs 


Group 5 - Imuran and Allopurinol - Imuran given as in Group 
5, Al lopurinol as in Group 4) — 1-¢¢e. imuran 


LOmg./ kg. p60. ands AllopuLinol 200mg. p.o. on the 


day of surgery, then Allopurino!l 100mg s tei d. 
daily and Imuran® l0mg./7k¢.p.o.) three times 


weekly (Monday, Wednesday, Friday). 8 dogs 


Selection of Subjects 


The dogs were "chronic" dogs obtained from the 


University Laboratory Animal Services where they had been 
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Ses 
isolated and quarantined for two weeks, bathed and defleaed, 
vaccinated against infectious canine distemper and infectious 
Canine hepatitis, and has a fecal analysis followed by 
deworming with the appropriate vermifuge or treatment with 


Other appropriate antiparasitic agents if indicated. 


Upon arrival at the Vivarium they were once again 
examined physically and unwell animals returned. The dogs, 
which usually arrived in groups of four to six, were paired 
for surgery by a surgical assistant on the basis of simil- 
arity in size and weight and dissimilarity in appearance. 
Assignment to the various treatment groups was made by the 
author without knowledge of which particular dogs were to 
be operated upon, and announced at the time of surgery. 
Reciprocal transplants were done within a pair, and both 


dogs of the pair received the same treatment. 


Surgical Procedure 


Diet on the day prior to surgery consisted of water 
ad) libitum but no) food.» )On the day of surgery the dogs 
were anesthetized with sodium pentobarbitol (Diabutal® ) in 


an amount sufficient to induce moderate anesthesia (about 


30mg. /kGw b. Wen daVo) oe 2ntubated and-allowed to breathe 
Spontaneously. Additional doses of 30 - 60 mg. were given 
as needed during the procedure. Each dog was given 150,000 
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Lo. 
Procainesfenicrillin G. following inductton of anesthesia. 
and blood was taken for baseline analysis. An intravenous 
infusion of 500 to 1000 cc., depending on the dog's weight, 
of Ringers lactate or 3.3% dextrose and 0.3% Sodium Chloride 


was given over the time of the procedure. 


The abdominal cavities were exposed using full 
length midline incisions. Following preparation of the 
SetcrOretransplantaslon (hignt 1%4ac¢ tossa)einethe: firse 
recipient, a left nephrectomy was then carried out in the 
donor. In all instances the left kidney was transplanted 
unless there were two left renal arteries, in which case 
the right kidney was used. In one instance of bilateral 
arterial duplication, a transplant was done using a docu 
arterial anastomosis. The kidneys were not perfused with 
any solutions at the time of removal. The renal vein was 
first sutured end to side to the distal inferior vena cava 
Omiproximal right iliac veinJob the recipient using) 4a 
continuous circumferential 6-0 silk stitch with two stay 
sutures. The artery was sutured end to side to the right 
ilvacsartery Using cOmeinuous 6-0 "Silk ystveches between 
two stay sutures. The vessel clamps were then released. 
Ischemia time was 25 to 50 minutes. Perfusion of the 
kidney was usually prompt with good arterial pulsations, 


kidney * .ne and colour. 


The ureter was then placed in the bladder through 
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a submucosal, tunnel of 2 to 3 cm. in, length, the ureteral 
orifice spatulated and anchored to the upper trigonal border 


in the midline using three 4-0 chromic stitches. 


If a right kidney was used it was placed in the 
same site but was reversed from its normal orientation so 
that the lower pole was cephalad. In this way the usual 
arterio-venous relationship existed (i.e. artery to the 
recipient's left, vein to the right) but the ureter exited 
from the pelvis in the wrong direction - toward the 
EeCipient's diaphragm. It was then brought around in’ a 
slightly redundant loop without tension or kinking and 


implanted in the bladder in the usual manner. 


The reciprocal transplantation was then carried 
out in a Similar manner, followed by contralateral nephrec-— 
tomies and closure. At some time during the procedure a 
gastric tube was passed and the initial dose of drugs given 


than eemuleitaica solution. 


Poe Opetacive Care 


The dogs were observed in the operating room until 
almost awake, then extubated and returned to the Vivarium 
shortly after. Diet following surgery was variable, but 
Was usally a liquid diet onstne first post-operative day, 
followed by a regular diet. When dogs became anorexic, 


they were fed whatever they would eat. 
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Intercurrent disease (e.g. parasites) was treated 
as it occurred. Seromas and wound infections, which were 
common in male dogs along the incision lateral to the penis, 
were treated by skin suture removal in that area and 


drainage. 


Skin sutures were removed at 7 to 10 days post- 
operatively. Treatment was carried out strictly as indica- 
ted earlier with two general exceptions. When the dogs 
became anorexic, usually due to rejection and terminal 
uremia, the drugs were not given. This was usually for one 
or two days before death. Secondly, if the white blood 
count fell below 2500, Imuran was withheld. This was a 
problem in the Imuran-Allopurinol group mainly, but because 
of differences in timing between determination of blood 
counts and administration of Imuran, several dogs with low 
blood counts did receive Imuran. Allopurinol was continued 
throughout. Treatment was stopped at 35 days in this 
GLeouo, as at was £elt thav. this) would be asagnificant 


prolongation of survival. 


At the time of death a full “autopsy was done 2 ein 
addition to a general examination, the kidney, ureters, 
bladder, “and the “arterial; venous ‘and ureteric *anastomes 
were Garetully examined ‘to determine the presence® or 
absence of thrombosis, obstruction, infection or other 


complicating factors. Histological sections were taken of 
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all kidneys and of any other organs that appeared to be 


abnormal. 


Analysis of Results 


Three parameters - survival times, serial peripheral 
total white blood counts and serial serum creatinines - were 
recorded for analysis. Maximum survival time for statisti- 
cal purposes was considered to be 40 days, as treatment was 
stopped in the Allopurinol and Imuran group at 35 days. 

Mean survival times of the various groups were compared by 


the "Student" t test.’7°> 


At the time of surgery, venous blood samples were 
taken for baseline white blood count and differential, 
hemoglobin, hematocrit and serum creatinine. Samples were 
taken post-operatively two or three times weekly for total 
white blood counts and serum creatinines. Determination of 
values was done by personnel of the Surgical Medical 
Research Institute's biochemical laboratory using standard 
methods.7°®,77 As sampling was done on predetermined days 
of the week, while the surgery was done on various days, 
the time of sampling in terms of days post-operatively is 
not the same in all dogs of a series. Accordingly, values 
were grouped from contiguous days as indicated in the white 
blood count tables in the appendix before graphic present- 


ation. For example, mean values plotted as being on day 4 
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MevemepEresSent asgrouping Of Values from day 37-4, and. 5. 
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RESULTS 


Mean Survivals 


Individual survival times are shown on pages 25 to 
29. Mean Survival of the groups receiving no treatment, 
imuvan l0mg-7kgo. M.Wwon., or Allopurinol 100mg. t.0.d. were 
99,1 13.3 and 10.2 days respectively. The latter-two 
GrOuUpS@dO not diifer significantly p> 0-05 in both instances) 
from the untreated group. On the other hand, treatment with 
aacOmotnat Tom Of Al Lopuri nol VO0mge tb. id. and Inuran Ome, 
kg. M.W.F. resulted in a mean survival of 23.0 days, signi- 


ficantly greater than the untreated group (p<0.01). 


Treatment with 5mgq./ko. of Gimuran daily for three 
weeks followed by a dose reduction to 5mg./kg. twice weekly 
resulted in a mean survival of 33.0 days in Group 2. There 
was one long term survivor in this group. This dog (H564) 
was treated for approximately three months and then all 
treament was stopped. It's creatinine was persistently 
elevaved: (a) too amg. 2) si Lon eic eon month onward until 
it died suddenly at nine months. At autopsy no signs of 
acute disease could be found, but it did have a large thin- 
walled bladder holding 300-400 cc. of urine, plus a hydro- 

1 


nephrosis. The kidney parenchyma was about % ighelae eek ee. 


Despite the fact that no bladder outlet obstruction could 
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SURVIVAL TIMES 


Group 1 = Control = no treatment 


Survival 
(days) 


Mean survival 


(210 3S..De) 


Comments 


Rejection 


Artery thrombosed 
Rejection 


Rejection 
Rejection 
Rejection 


Rejection 


Rejection 


Two intussussceptions. 
Immediate cause of death - 
dehiscence. 

Kidney being rejected 


Lop 


SURVIVAL TIMES 


GYOUp =2))> dmuran.5mgq./kg.. dally 


Survival Comments 
(days) 


Creatinine: lz 
woc 99,200 
Pneumonia 


Creatinine 2.4 
Kidney rejecting. 


No other abnormalities 


Rejection 


Roundworms, coccidiosis 


treated post-op. 


Coccidiosis x 1 mo. 
Sulfas given. 


Rejection 


Mean SUrViVaL (21S. Ds) .=135.026-26 


*H564 - calculated as 40 day survival 
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SURVIVAL TIMES 


Group 3 °— imuran l0mog./kg. Mow... 


Survival 
(days) 


Mean survival 


(Als. Ds)) 


Comments 


Rejection 


Rejection 


Rejection. Renal Rupture 


Rejection. Hydroureter, 
hydro-nephrosis. 
Possible bladder neck 
Obstruction, 

Rejection 

Rejection 


Probable? rejection. 
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SURVIVAL TIMES 


Group 4 — Allopurinol 100mg, t.a.d. 


Survival 
(days) 


Mean survival 


(Celebs) 


Comments 


Dehiscence lower 3" 


limea alba. Skin, intact. 


Rejection 
Rejection 
Rejection 
Rejection 


Rejection 
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SURVIVAL TIMES 


Group oo» + allopurinol LO0mo. Ul.c see 
ImaranelOmgn/<G. i. Wek. 


Dog 


H1546 
H1547 


iswlboyayy 


H1566 


PIES) BY 


H790 


H/99 


BhTASIY 


Survival 
(days) 


41* 


29 


14 


ibal 


Si 


ey 


24 


18 


Mean survival 


(aS sl) 


Comments 


woo 2) 7007, creauinine 1.0 
Rejection 

Creatinine 6.5, whe 9,500 
3" intussussception small 
bowel. 

Creatinine 5.2, wbhc 800. 
Kidney uniformly 
hemorrhagic. 


Creatinine 5.2, woe 4,600 


Intermittent vomiting 
post-op. Rejection. 


woe 600, “creatinine 2.5. 


Hemorrhage abdominal wall. 


Rejection 


=-23;,0)0 34 


*Calculated as 40. day survival 
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be demonstrated, it is most likely that the bladder outlet 
was mechanically obstructed, probably secondary to suturing 
of the vertical bladder incision used in re-implantation of 


the ureter. 


Pattern of Survival (see figures 3 and 4) 


While both Groups 2 and 5 showed significant 
prolongation of survival, there seemed to be a definite 


qualitative difference between the two groups. 


Of the five dogs receiving Imuran 5mg./kg. daily 
(Group 2) all had consistently low creatinines during the 
period of daily treatment (see figure 3 and tables in 
appendix). At the end of three weeks when the Imuran was 
given only twice weekly, two dogs (H44 & H567) later showed 
a rise in creatinine and white cell counts and died as a 
consequence of rejection. Two others continued with low 
creatinines but died shortly after, one (H597) with 
pneumonia and the other (H566) with no cause of death 


found. Finally H564 became a long term survivor. 


There was a much wider range of survival in the 
group treated with Imuran 10mg./kg. M.W.F. and Allopurinol 
100mg. t.i.d. In contrast to’ the group treated with Imuran 
brig /kGe daily,, .our Out Of eight dogs tn this group died 


within the first three weeks, two died later in the 
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treatment period, and two died after treatment was with- 
drawn (but not as a consequence of withdrawal - H1517 had 

a rising creatinine before treatment was stopped, H1546 had 
decleaduinine sor. 10), awoceof 1700 at death on daye41). the 
cause of death was not always clear cut - several dogs 
(H1566, H790 & H799) had elevated creatinines and leucopenia, 
while others (H1547, H1557 & H797) had a normal or elevated 
We0.C. plus a Erising creatinine. Only one dog (41546) did 
not have an elevated creatinine at the time of death - it 


was also leucopenic (1700). 


White Blood Counts and Creatinines 


a - 


Dogs in the groups given no treatment, Allopurinol 
VO0mG. tt. 1 <d. Or imuran l0mg./ka. Mow. sal sshowedsa 
prompt rise in total w.b.c. which usually remained markedly 
elevated until the time of death. This was accompanied by 


a progressive rise in serum creatinine. 


The individual patterns of survival in the group 
treated with Imuran 5mg./kg. daily and the group treated 
with Imuran 10mg./kg. M.W.F. and Allopurinol 100mg. t.i.d. 
have been described in the previous section. The mean 
white counts in these groups for the first three weeks are 
plotted in Figure 5. Both groups showed an intial. base 2 
w.b.c. followed by a return to the normal level in the 


tmuran daly group, and Coa leucopenic level in the Imuran- 
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Allopurinol group. Despite the lower white counts, four 
dogs in the latter group died during this period. Despite 
a rising mean’ creatinine? (Figures), the pattern of mean 
white count for these four dogs is remarkably similar to 
that of the survivors (Figure 6), both sub-groups (deaths 
and survivors) being consistently lower than the Imuran 
daily group with the exception of the last two values for 


those dogs dying - these values represent two dogs. 


The creatinines of the Imuran daily group were 
consistently lower than those of the Imuran-Allopurinol 
group, but were always within the range of one standard 
deviation (Figure 7)2 Mean creatinines within the dimuran= 
Allopurinol group were higher in those dogs dying as 
compared to the survivors during the first three weeks 


(Figure 8). 
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DISCUSSION 


The mean survival of 9.9+2.5 days in Group 1 is 


comparable to those obtained in other untreated series!",78,72 


Group 2 was intended to approximate the more usual 
schedule of azathioprine therapy - that is, a single daily 
dose. Such a group would provide a standard to which one 
could compare the efficacy of any new dose schedule or mode 
of therapy, as certainly one would not apply a new therapy 
tO general use 1f it did not. provide an advantage over 
present therapy in terms of survival time or degree of 
cCOxteity.— Thesprolongaliony of survivals inthis Groulpsto 
33.0+6.8 days is highly significant when compared to Group 
i atid 16 roughly comparablemto. Galnetsmresultse:  methe 
deaths of two out of the five dogs due to causes other than 
rejection is again similar to Calne's findings of almost 
50¢, Mortality due to ELOxicity and infection, sthoughwitwis 
recognized that in a series as small as this, a figure such 


ace twowout Of five does not carry significance. 


The dose schedule of azathioprine 10mg./kg. Monday, 
Wednesday and Friday in Group 3 was essentially ineffective, 
though the mean survival of 13.3+4.9 days is slightly 
longer than that in Group 1, and there are a few individual 
survivals of greater duration (15, 17 and 21 days). The 


total weekly dose of 30mg./kg. is close to that of S5mG.7 5G + 
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oiihe 
given in Group 2, but with a much less effective result. 
The main difference between the groups is in the timing of 
the doses. If the data presented earlier on the timing of 
azathioprine metabolism and excretion can be applied to the 
dog, it would seem likely that with an interval of 48 or 
72 hours between doses, there is probably a fairly long 
period during which no azathioprine metabolites are present. 
The data on timing of azathioprine therapy, as summarized 
by Schwartz,®® indicates that azathioprine acts on an early 
phase of the immune response, at a recognition or inductive 
step, and is ineffective once the proliferation of antigen 
sensitive cells has begun. It would therefore seem most 
reasonable to hypothesize that in this group, the duration 
between doses was such that the azathioprine was metabolized 
and excreted, leaving an interval before the next dose 
during which recognition of the allograft as being immunol- 
ogically foreign could take place resulting in a response 
which would progress far enough that it would not be 


affected by the next dose. 


The mean SUCViVvaly OL Group 455 002212.4 days, was 
not stgniticantly ditterent from the untreated group. 
Pllopurinol 100mg. ti.d. 1s) therefore not immunosuppressive 
im the dog. Most probably, allopurinol does not have 
immunosi’ pressive properties, but no other data was found 


in the literature. Elion showed that it was ineffective 
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as an anti-tumor agent over a wide dose range in the mouse. 


rhe mean survival or 23.0t11.4 days in Group 5 is 
Significantly longer than in Group 1. The two drugs used, 
allopurinol 100mg. t.i.d. and azathioprine 10mg./kg. M.W.F. 
were ineffective when used alone. In Elion's study, she 
showed that allopurinol inhibited 6-mercaptopurine degrada- 
tion via xanthine oxidase inhibition resulting in a three- 
fold increase in urinary 6-mercaptopurine excretion and a 
Six to nine-fold decrease in urinary thiouric acid in the 
mouse.?5 Similarly, in man, Urinary ,6-MPeancweased from 
less than 7.0% to 29% of the oral dose, and thiouric acid 
decreased from 25.5% down to 3.4% with allopurinol 300mg. 


> Vogler studied urinary 6-MP 


and 6-mercaptopurine 150mg.” 
onlyein six leukemic patvents, swith similareresultse-- —As 
6-mercaptopurine is a principle product of azathioprine, 
this degradation block probably occurred in our series, 
resulting in a greater amount of 6-mercaptopurine being 


available to enter into the pathways of purine metabolism, 


and/or a more prolonged presence of 6-MP before excretion. 


Whether other interactions exist is unanswerable. 
It is possible that allopurinol might have immunosuppressive 
properties not evident at the dose used in Group 4, but the 
question does not seem to have been investigated. The 
formation of allopurinol nucleotide with the resulting 


inhibition of purine metabolism might provide a point of 
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further interaction with 6-mercaptopurine, but as stated 
previously the significance of this effect is unknown and 
probably minimal. Whether it would assume significance 
when 6-mercaptopurine or azathioprine are also used is a 


matter of “speculation, 


Rejection despite leucopenia occurred in several 
individual cases and in the group as a whole (figure 4 and 
6). This has been noted in individual cases previously, 
both’ experimentally'* and clinically, ?=* leading to the 
supposition that the leucotoxic and immunosuppressive 
effects of azathioprine are separate phenomena.®! Further- 
more, Swanson has shown that in most patients leucopenia 
is not necessary to attain immunosuppression with azathio- 
prine°’® and J.F. Bach has shown that in vitro immunosuppres- 
sion occurs at levels much lower than cytotoxic levels. °? 
The present experimental results support the contention 
that the immunosuppressive and leucotoxic effects are, at 


least in part, separate phenomena. 


The therapy in Group 5 was much less satisfactory 
Chane with daly azathioprine therapy. fnere was ammuch 
Greater survival range with a greater variability of 
response, and a high incidence of severe leucotoxicity. 
In addition, while no gross liver abnormalities were noted 
on aucopsy, Microscopic sections were not done, So it 4s 


possible that hepatotoxicity was also present. This 
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particular dose schedule offers no advantages over daily 
azathioprine therapy and several disadvantages. The use 
of allopurinol in combination with azathioprine for trans- 
plantation or in other instances (e.g. patients on azathio- 


prine therapy with gout) appears to be too hazardous to be 


wustitied. 


Finally, while leucotoxicity was greater with 
allopurinol in these experiments, in contrast to Elion's 
results, it may be the experimental design used that may 
be partially responsible. Our approach was to use a larger 
but less frequent than usual dose of azathioprine, with the 
a0dtt2on or allopurinol, while Bilvongdidynoe alter the dose 
timing, but instead showed a decrease in the minimal dose 
of azathioprine that was effective with the addition of 
allopurinol. A similar approach in these experiments would 
be to use a lower daily dose of azathioprine that is pre- 
sumably ineffective alone (e.g. 2mg./kg./day) plus allo- 
purinol - i.e. azathioprine 2mg./kg./day plus allopurinol 
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CONCLUSIONS 


In renal transplantation in mongrel dogs: 


A positive interaction between allopurinol and 


azathioprine exists when used as immunosuppressants which 


is probably due to potentiation of the immunosuppressive 


SLLGGCIOL azathioprine by allopurinol 


Allopurinol probably also potentiates leucotoxicity 


to azathioprine, indicating that clinical use of these two 


drugs in combination could be hazardous. 


Secondarily: 


i) 


is) 


iv) 


v) 


Imuran 5mg./kg./day is an effective immunosuppres- 


Sive regime. 


Imuran l10mg./kg. Monday, Wednesday and Friday 


(M.W.F.) is an ineffective immunosuppressive regime. 


Allopurinol 100mg. t.i.d. has no immunosuppressive 
effect. 


A combination of Imuran lO0mg./kg. M.W.F. and 
allopurinol V0 0ngs jc. din tsman eareclive. Immuno— 
suppressive regime, but offers no advantages over 


Imuran 5mg./kg. daily. 


Rejection may occur despite leucopenia. 
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Deaths in Three Weeks 


Group 5) — Al lopurinoly 00mow &,1.d.. simran lOmg./KG. MW. i. 


Dog H1557  H1566 H790 H797 Av. cape 
Day 
0 9200 9150 4250 5750 7087 2487 
1 29750 30700 13850 27650 25487 7862 
2 
3 
4 12150 10350 11250 OU 
5 
6 5200 6600 9700 6750 7062 1391 
7 
8 9350 1400 4200 1000 3987 3348 
9 
10 2300 800 x : 3283 3094 
an Xx 6750 
12 
ie 9450 9700 9575 tay, 
14 Xx 
15 9200 9200 
16 x 
19) 
18 
19 
20 


X = day of death 


t+- moved to that day for purposes of calculation 


; i> af - 
eden muctr'y «ak 
—aae — —_——a 
y vn : \ } 7 . - _ 
AMA OR. cs cet 2B ont fompiuo! Li = 2 
4 ¥ 4 - : 7 
=! _ a Ti 


eoel ree lu 


- 


ne 


SOF 
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Three Week Survivors 
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